The question if conserved currents can be sensibly defined in supersymmetric minisuperspaces is investigated in this paper. The "square-root" structure associated with the constraint equations of N=1 supergravity is the motivation to contemplate this tempting idea. Our objective is to employ exclusively the differential equations derived directly from the Lorentz and supersymmetry quantum constraints. We will analyse supersymmetric closed FRW and Bianchi class-A models. Supermatter in the form of scalar supermultiplets is included in the former. It is shown here that such conserved currents cannot be adequately established except for some very simple scenarios. Otherwise, conserved currents (and consistent probability densities) may only be obtained upon the use of subsequent WheelerDeWitt-like equations derived from the associated supersymmetric algebra of constraints.
Introduction
N=1 supergravity [1] - [3] constitutes a "square-root" [4] - [6] of gravity: it is sufficient, in finding a physical state Ψ, to just solve the Lorentz and supersymmetry constraints of the theory. The algebra of constraints implies that Ψ will consequently obey the Hamiltonian constraints 1 . It should be stressed that the supersymmetry and Lorentz quantum constraints can lead to differential equations, which are of first-order in the bosonic variables (cf. ref. [8] - [29] ). This contrasts with non-supersymmetric quantum cosmology: a second-order Wheeler-DeWitt (Klein-Gordon like) equation has to be employed, together with specific boundary conditions [30] - [33] .
The Wheeler-DeWitt equation has associated with it a conserved current J ∼ Ψ * ∇Ψ − Ψ∇Ψ * , as established by C. Misner [34] . It satisfies ∇J = 0, where ∇ constitutes the Laplacian in superspace [34] . A conserved probability can be defined from J on the set of classical trajectories. However, this conserved current can be afflicted from difficulties with negative probabilities [30, 34, 35, 36] .
In the case of the Klein-Gordon equation the surface Σ is usually of constant physical time. The fact that J 0 can be negative led to the discovery of the Dirac equation and conforming (positive-definite) conserved current [37] . Subsequently, the concepts of anti-particles and second quantization were introduced [37] . In quantum cosmology, the immediate analogy is to take Σ as the surface of constant value of the corresponding timelike coordinate. But J 0 being negative merely corresponds to having both expanding and collapsing classical universes. The flow will intersect a generic Σ at different times. In other words, it is due to a bad choice of Σ and does not lead necessarily to a third quantization. In contrast, the choice of Σ as a surface of constant S within a semiclassical minisuperspace approximation 2 [30, 35, 36] is quite satisfactory: the flow associated with ∇S intersects them once and only once.
The objective of this paper (see also ref. [38] ) is precisely to investigate if Dirac-like [37] conserved currents can be sensibly defined in supersymmetric quantum cosmology. If such a design could be achieved, the J 0 negative values in non-supersymmetric quantum cosmology would be seen from a whole new perspective. Would it be possible for supersymmetry to "select" somehow (e.g., through the constraint equations and allowed physical solutions) the appropriate trajectories and surfaces Σ in minisuperspace? We will restrict ourselves to the first-order differential equations derived from the Lorentz and supersymmetry constraints. The "square-root" algebra of N=1 supergravity direct us to this tempting possibility, similarly to the standard intertwining of the Klein-Gordon and Dirac equations [37] .
The approach employed here is different from others described in ref. [12, 39, 40] , where distinct "square-root" formalisms of gravity were employed. In ref. [12] rigid supersymmetry was used. The approach present in [39] is not supersymmetric. A wave function arranged as a vector was used in ref. [40] - [44] , with a bewildering interpretation of universe-anti-universe states [44] . In ref. [39] - [44] the crucial role of the Lorentz constraints does not seem to have been properly dealt with or is even absent. Throughout this paper we will consider instead a differential operator representation for the fermionic variables. This constitutes the rightful procedure. It is totally consistent with the existence of second-class constraints and subsequent Dirac brackets. These then imply that fermionic variables and their Hermitian conjugates are intertwined within a canonical coordinate-momentum relation (see ref. [6] - [29] , [45, 46] for further details).
A k = +1 FRW model obtained from N=1 supergravity with a scalar supermultiplet [14] - [17] , [21] - [24] , [27] - [29] is analysed in section 2. Some improvements concerning the results present in [21] - [24] , [27, 28] are included. We will also point to specific differences between our FRW model and the ones analysed in ref. [39, 47] . These differences would prove to be crucial regarding the existence or not of Dirac-like [37] conserved currents. Bianchi class-A models obtained from pure N=1 supergravity [8] - [12] , [45, 46] are reviewed in section 3. Some elements present in the literature are then rectified. We emphasize how the presence of anisotropy leads in general to a 2 This is probably sufficient for all practical purposes. In the semiclassical case, the wave function is of the WBK form Ψ ∼ Ce −W , where W and C are both complex, W = I R −iS and |∇S| ≫ |∇I R |. I.e., S will be an approximate solution of the Lorentzian Hamilton-Jacobi equation. In particular, the following result can be obtained [30] 
mixing of the fermion (Grassman-valued) sectors in Ψ. This is a direct consequence of including the Lorentz invariance of the theory, which is absent in [41] - [44] . As a result, the first-order differential equations above mentioned become coupled. Only the use of subsequent Wheeler-DeWitt-type equations can provide consistent physical results. But in doing so we are effectively placing any discussion of conserved currents and probability densities back in the context of usual quantum cosmology [25] . Our conclusions and discussions are present in section 4, where we briefly discuss the issue of retrieving classical properties from supersymmetric quantum cosmological models.
2 Supersymmetric FRW k = +1 models
In this section we will employ the action of the more general theory of N=1 supergravity in the presence of gauged supermatter (see eq. (25.12) in ref. [3] ). Our physical variables include the tetrad e AA ′ µ (in its spinorial form [6] ) and ψ 
Hereâ and i run from 1 to 3 and Eâ i is a basis of left-invariant 1-forms on the unit S 3 with volume σ 2 = 2π 2 . This ansatz reduces the number of degrees of freedom provided by e AA ′ µ . A suitable ansatz for ψ 
where we introduce the new spinors ψ A and their Hermitian conjugateψ A ′ which are also functions of time only [7] , [13] - [17] , [29] . The scalar supermultiplet present in the action will consist of spatially homogeneous complex scalar fields φ,φ and their spin- partners χ A (t),χ A ′ (t). Any vector field and supersymmetric partners are taken henceforth to be zero. We chose a twodimensional spherically symmetric Kähler geometry 3 . Using the Ansätze previously described, the action of the full theory is reduced to one with a finite number of degrees of freedom. The analysis becomes simpler if we first redefine the fermionic fields, χ A , ψ A in order to simplify the Dirac brackets [7, 21, 22, 23] . We takeχ A = σa 3 2
A ′ . It is simpler to describe the theory using only unprimed spinors, and, to this end, we definē
with which the Dirac brackets are
and the rest of the brackets are zero. Here we choose (χ A , ψ A , a, φ,φ) to be the coordinates of the configuration space and (χ A ,ψ A , π a , π φ , πφ) to be the momentum operators in this representation. Hence, quantum mechanically we may take (withh = 1)
. Implementing all these redefinitions, the supersymmetry constraints have the differential operator form
and its Hermitian conjugate, using eq. (4). The Lorentz constraint must also be satisfied:
This constraint implies that the most general form for the wave function of the universe is
where A, B, C, D, E are functions of a, φ ,φ, only. From the constraint (5), its Hermitian conjugate with (4) and eq. (7) we will get four equations from S A Ψ = 0 and another four equations fromS A ′ Ψ = 0:
(1 + φφ) ∂B ∂φ
We can see that (8), (9) constitute decoupled equations for A and E. Eq. (10) and (11) constitute coupled equations between B and C, while eq. (12), (13) are coupled equations between C and D. These equations can be decoupled employing B =B(1 + φφ)
. We can then eliminateB andD to get two partial differential equations which imply that C = 0 [21, 22] .
Let us multiply the first eq. in (9) by E, then multiply second by A. Their addition results in
Eq. (14) seems to suggest a relation vaguely similar to ∇J = 0. For the case of pure N=1 supergravity, eq. (8)- (13) are reduced to (9) . Hence, eq. (14) would constitute a (very simple) conservation-type equation obtained directly from the supersymmetry and Lorentz constraints which the bosonic amplitudes A and B ought to satisfy. Notice however that eq. (8)- (9) imply
where f, g are anti-holomorphic and holomorphic functions of φ,φ, respectively. It looks peculiar the Lorentz and supersymmetry constraints do not apparently allow a more explicit dependence of Ψ on φ,φ (see ref. [14] - [16] , [21] - [24] , [27, 28] ). A more suitable approach is to write r 2 = φφ with φ = re iθ and effectively decoupling the two degrees of freedom 4 associated with the complex scalar fields. Equations (8) can be written as
Multiplying eq. (16) by E and eq. (17) by A, it follows from subtracting them that
Let us now take C = 0. Multiply eq. (11) by D and eq. (12) by B. Adding them, we get a relation similar to (14)
with the generalized derivative
. Directly from eq. (10), (11), (12), (13) we obtain
where h, k are anti-holomorphic and holomorphic functions of φ,φ, respectively. Using again r 2 =φφ and φ = re iθ , we obtain respectively from eq. (10)- (13) that
Multiply eq. (21) by D and eq. (22) by B, then divide by 1 + r 2 . Their subtraction leads to
From the integration of (9), (11), (12) with C = 0, (16), (17), (21) and (22) the general quantum state corresponding to a k = 1 FRW supersymmetric model with a scalar supermultiplet is given by Ψ = c 1 r
where λ 1 ...λ 4 and c 1 ...c 4 are constants. Notice the explicit form of A, B, D, E in (24) in contrast with eq. (15), (20) and ref. [14] - [16] , [21] - [24] , [27, 28] . If we had use φ = φ 1 + iφ 2 then the corresponding first-order differential equations would lead to
. The physical interpretation of the bosonic amplitudes in (24) is less clear than in the case of pure N=1 supergravity. C = 0 seems to point that a bound state χ A ψ A is allowed by Lorentz but not from supersymmetry invariance. The exponential factors e ±3σ 2 a 2 are to be viewed as e ±I , where I is Euclidean action for a classical solution without matter outside or inside a threesphere with radius a (see ref. [13, 14] ). In the absence of matter the Hartle-Hawking state [32] is therefore given by Ψ HH = ψ A ψ A e 3σ 2 a 2 . The solution Ψ = e −3σ 2 a 2 bears quantum wormhole properties [15, 16, 27, 28, 33] . However, the scalar field dependence in A, B, D, E is different from what could be generally obtained from the equations of a non-supersymmetric FRW model with complex scalar fields, as described e.g., in ref. [47] .
The bosonic coefficients in (24) can only correspond to particular solutions obtainable within the framework of ref. [47] if a specific factor ordering for π a , π r , π θ is used in the Wheeler-DeWitt equation. A judicious choice of integration constants is also required. The point is that the constraints (5), its Hermitian conjugate, (6) and expression (7) imply ∂A ∂φ = 0 and ∂E ∂φ = 0 (eqs. (16), (17)) and the Wheeler-DeWitt equation involves a term
Furthermore, the constants of separation λ 1 , ..., λ 4 seem to correspond to i ≡ √ −1 times the eigenvalues of π θ permited in [47] . Hence, the presence of supersymmetry (carried through the action of (5) and its Hermitian conjugate on (7) selects a particular factor ordering for the canonical momenta in the Hamiltonian constraint. As a consequence, specific exact solutions 5 (say, e −3σ 2 a 2 r λ e iλθ ) can be found from the Wheeler-DeWitt equation in the gravitational and matter sectors. The no-boundary wave function corresponds to the bosonic coefficient A. We stress that only by employing φ = re iθ = φ 1 + iφ 2 can such assertion become fully justified, in contrast with allegations presented in ref. [21] - [24] , [27, 28] .
As far as the generalization of relation (14) is concerned, the bosonic coefficients in (24) satisfy attractive relations in a 3-dimensional minisuperspace
However, the presence of the last term in both eq. (25) and (26) clearly prevent us from to associate them with a conservation equation of the type ∇J = 0. Eqs. (18) and (23) proved to be relevant in infering this conclusion and are closely related with the following. In contrast with the case of a FRW model with complex scalar fields in non-supersymmetric quantum cosmology (see e.g. ref. [47] ), the variable θ is no longer a cyclical coordinate when supersymmetry is present
In the decomposition φ = φ 1 + iφ 2 the bosonic part of the Hamiltonian constraint corresponds to a FRW model with two independent massless scalar fields. The novel characteristic induced by supersymmetry is that the complex scalar fields imply via the expressions
2 e k2(φ+iφ2) that the (separation) constant k (present in the equations equivalent to eqs. (9)- (23) of ref. [33] ) is now k = d This means that the scalar flux associated with φ 1 and φ 2 as described in [33] is now absent. Consequently, there is also no lower bound for a. Moreover, it is not apparent how these solutions can represent a wormhole connecting two asymptotic regions. For a related discussion and how wormhole states can be retrieved see ref. [28] . 6 Neither r or φ 1 , φ 2 but in the non-supersymmetric description only r is not cyclical.
(see eq. (28) below). In usual quantum cosmology with complex scalar fields, the corresponding action for FRW models is invariant under a φ → e iα φ transformation. Hence the conjugate momentum π θ ∼ r 2 a
is a constant and θ constitutes a cyclical coordinate [47] . However, in the corresponding supersymmetric scenario [22] there are terms in the action (25.12) of [3] that do not allow this invariance to be present 7 . A similar situation would occur in usual quantum cosmology with a matter Lagrangian taken from the Wess-Zumino model, due to the non-trivial interaction with fermion fields. The relation between the presence of supersymmetry, non-cyclical coordinates and the absence of satisfactory conserved currents becomes clearer if we write the momenta conjugate to r and θ
which are Grassman-algebra-valued variables. Notice then that eq. (27), (28) are basically translated into the last two terms in eq. (25), (26) . In fact, the usual procedure
. Consequently, the last two terms in (27) and (28) constitute the crucial elements that allow the supersymmetry constraints to be obtained explicitely via the coefficients of ψ A 0 ,ψ A ′ 0 in the Hamiltonian H. But the last four terms in both (27) and (28) are also a direct consequence of the non-invariant terms in the action [3] . Hence, θ no longer being a cyclical coordinate is inherited from local supersymmetry being now a feature of the reduced model. Furthermore, the fact that a relation as ∇J = 0 cannot be sensibly defined is then a consequence of the absence of cyclical coordinates and the presence of supersymmetry.
The above results and arguments provide other perspective regarding the results of ref. [39] , where a particular square-root of non-supersymmetric FRW model with complex scalar fields was considered. Our model is sustained instead by a square-root quantization inherited from N=1 supergravity. Such scenario has considerable advantages [1] - [7] . The fundamental difference between the two approaches is that our wave functional Ψ takes values in the Grassman algebra formed (from complex linear combinations of products) of odd (anti-commuting) elements such as the gravitino ψ A ,χ A ′ ) embodies more than a wave function arranged as vector, satisfying a Dirac-like equation [39] . In fact, the first-order differential equations (8-(13) do not constitute just a set of equations and their Hermitian conjugates. They rather represent the action of the supersymmetry constraints on different fermionic representations of Ψ, related by a (coordinate-momentum) fermionic Fourier transformation [6, 13] - [17] . The presence of supersymmetry represented by eq. (5), its Hermitian conjugate and the Lorentz invariance of the theory (see eq. (6), (7)) contribute on the whole towards a different scenario where conserved currents are not apparent. In particular, this distinction between the two approaches is at the center of the specific differences between our model and the ones analysed in e.g. [39, 47] .
Bianchi class-A models
Bianchi class-A models obtained from pure N=1 supergravity will be reviewed in this section, following ref. [11] closely (see also ref. [45, 46] ). These models allow us to employ anisotropic gravitational degrees of freedom and hence more gravitino modes. In such a way we hope they will provide a better insight concerning the full theory of N=1 supergravity. We will also comment about it in this section.
Our emphasis will be put on the issue of possible conserved currents. The approach followed here involves significant differences as far as ref. [40] - [44] are concerned. The Lorentz constraint seems either absent in ref. [41] - [44] or truncated to some extent ref. [40] . This may then enforce additional restrictions, either in the spectrum of solutions or the general validity of the results. Our approach involves a fermionic differential operator representation and the complete Lorentz constaints. This proves to be important as the wave functional ought then to be a Grassman-algebravalued expression and not just a wave function arranjed as a vector. The Lorentz invariance implies that Ψ can only contain fermionic terms with an even number of ψ modes of the gravitino, respectively. The wave function of the universe can then be symbolically written as
where A and F are the coefficients of the bosonic (ψ 0 ) and fermionic filled (ψ 6 ) sectors; the middle sectors ψ 2 and ψ 4 require further elements and will be discussed later in this section. The supersymmetry constraints for a Bianchi class-A minisuperspace take the form [11] S A = σm pq e AA ′ pψ
together with with its Hermitian conjugate, where κ 2 = 8π and s parametrizes the ambiguity of operator ordering, which comes from noncommutativity of ψ . A left-invariant basis [48] is employed, where the spatial metric h ij can be expanded as h ij = h pq (t)E µ . Quantum mechanically, theS A ′ supersymmetry constraint take, respectively, the form
where ζ = 2σ hκ 2 and S A is just the Hermitian conjugate. The representation [6, 11] ψ
e AA ′ r and σ is the volume of the hypersurface of quantization. It can be checked from (31), its Hermitian conjugate and eq. (29) that A and F satisfy, respectively, the equations
The corresponding solutions 8 are
ζm pq hpq ,
where c 1 , c 2 are constants. Let us now multiply eq. (32) by F and eq. (33) by A. We find after adding them that (as expected)
which constitutes the generalization of eq. (14) . Fundamentally, eq. (37) also constitutes a decomposition of a result present in ref. [44] . It concerns a positive-definite probability amplitude conservation but viewed here within our fermionic differential operator representation [6, 7] . Rather more relevant information could be expected within the middle fermionic sectors of Ψ. As far as these sectors are concerned, consistency can only be achieved (see ref. [45, 46] ) with the use of the Hamiltonian constraint derived from the Dirac bracket S A ,S A ′ D . However, this back to basics [25] procedure clearly displace us from the purpose of using solely the first-order differential equations generated by the supersymmetry constraints.
Any conserved currents (and positive-definite probability densities) must then be addressed within Wheeler-DeWitt-type equations [45, 46] , adjusting the steps employed in ref. [34, 35, 36] . However, the solutions found so far within this approach [45, 46] are of the form e I . This means that they do not induce any classical Lorentzian geometry. In fact, when Ψ is an exponential rather than an oscillatory function, I corresponds to the action of an Euclidean rather than a Lorentz geometry. Moreover, a wave functional e ±I is not peaked around a set of Euclidean solutions. Hence, it fails to predict (classical) correlations between bosonic coordinate and momenta [30, 31] . In contrast, a wave function e iS is peaked around a set of classical Lorentzian trajectories. Thus, 8 The solution (36) is different from the corresponding expression in ref. [11] . The extra h factor present in [11] cannot be there though. The explicit form of (36) can be obtained through a fermionic Fourier transformation [6, 11] 
where (29) withĀ, whose equation is substantially easier to derive. But the inverse transformation does not involve a factor of h; see ref. [6] for the reasons of this asymmetry.
the framework of ref. [45, 46] may require additional elements 9 in order to get oscillatory e iS solutions and hence a relation similar to eq. (1), only valid in minisuperspace. The situation concerning the full theory of N=1 supergravity is even more helpless. In general relativity, a conserved current and prospective probability densities (which can be negative!) can be derived from the Wheeler-DeWitt equation [34] . This follows without making any assumptions about the space-time geometry. However, appropriate results are only possible through specific minisuperspace semiclassical approximations [30] . With respect to N=1 supergravity theS A ′ Ψ = 0 constraint reads [6] 
while the S A Ψ = 0 constraint in theΨ(e AA ′ i ,ψ
In the homogenous case, the ψ
i can be arbitrarily chosen and hence cancelled out [9, 11, 19] . Thus, we can either use the representations Ψ orΨ because their bosonic coefficients are related by a Fourier transformation generalizing (34) . But the inhomogenous case is clearly different: the gravitinos cannot be cancelled out. Moreover, Ψ can only have states with infinite fermion number [51] in full N=1 supergravity.
Our message
The purpose of this paper was to investigate if Dirac-like conserved currents [37] of the type ∇J = 0 could be sensibly defined in supersymmetric minisuperspaces. We restricted ourselves to the first-order differential equations derived from the Lorentz and supersymmetry constraints. The "square-root" algebra of N=1 supergravity suggests us this tempting possibility, similarly to the standard procedure intertwining the Klein-Gordon and Dirac equations [37] . If such a design could be achieved the J 0 negative values in non-supersymmetric quantum cosmology would be seen from a whole new perspective.
The approach employed here is based on a differential operator representation for the fermionic variables. This constitutes the rightful approach due to the existence of second-class constraints and subsequent Dirac brackets. These then impliy that the fermionic variables and their Hermitian conjugates are intertwined within a canonical coordinate-momentum relation.
We discussed different supersymmetric minisuperspace models. In section 2 we considered k = +1 FRW models, with and without supermatter in the form of scalar supermultiplets φ,φ; χ A ,χ A ′ . Bianchi class-A models in pure N=1 supergravity were reviewed and discussed in section 3.
Section 2 included specific improvements concerning some results present in ref. [16, 15, 27, 28] . By employing the transformation φ = re iθ = φ 1 + iφ 2 directly in the supersymmetry constraints, we brought about the explicit dependence of Ψ on φ,φ. In particular, the no-boundary wave function has now been adequately identified, in contrast with previous assertions in ref. [21] - [24] , [27, 28] . In addition, the variable θ is no longer a cyclical coordinate if supersymmetry is present.
In non-supersymmetric quantum cosmology the corresponding action for FRW models is invariant under a φ → e iα φ transformation. Hence the conjugate momentum π θ ∼ r 2 a 3 ∂ θ ∂ t is conserved and θ constitutes a cyclical coordinate [47] . However, in the corresponding supersymmetric scenario [22] there are terms in the action (25.12) of [3] that do not endorse such invariance. This fact influences the absence of a sensible conservation equation of the type ∇J = 0. Basically, θ being a non-cyclical coordinate is related to terms in π r , π θ which allow the supersymmetry constraints to be explicitely derived. But these terms also imply that the momenta π r , π θ lead to the expressions
B in eq. (25), (26) . And it is this fact which prevent us to obtain a relation like ∇J = 0 directly from the supersymmetry constraints. For the pure case we obtain the rather simple result
The results and arguments present in section 2 provide other perspective regarding ref. [39] . There, a particular square-root of a non-supersymmetric FRW model with complex scalar fields was used. Our model is sustained instead by a "square-root" quantization inherited from N=1 supergravity.
At the center of the above mentioned differences is the assertion that our wave functionals take values in a Grassman algebra formed from elements such as the gravitino. The first-order differential equations represent the action of the supersymmetry constraints on different fermionic representations which are related by a fermionic Fourier transformation [6, 13] - [17] . The presence of supersymmetry and the Lorentz invariance of the theory (see eq. (6), (7)) contribute on the whole towards a different scenario where conserved currents are not apparent. The relation between supersymmetry and first-order differential equations may also provide another interesting perspective 10 Namely, the issue of constructing wave packets [53] in quantum cosmology. Previous analysis based on the second-order Wheeler-DeWitt equation has shown a peculiar behaviour. Perhaps the general superposition (7) may point out to alternative insights.
FRW minisuperspaces are restricted models, where both the gravitational and gravitinos degrees of freedom have been reduced. Bianchi models may provide instead an perception on the full theory of N=1 supergravity. These minisuperspaces were reviewed and described in section 3, following a fermionic differential operator representation. This approach is different from the method employed in ref. [40] - [44] , where the Lorentz constraint is either absent or truncated. Implications of this occurrence can be expected as far as the spectrum of solutions and general validity of the results are concerned. Our results are summarized in eq. (37) , which constitutes a generalization of eq. (14) . Eqs. (14) and (37) are the only (elementary) examples of conserved quantities within FRW and Bianchi models in pure N=1 supergravity. Notice that eq. (37) represents essentially the conservation of the probability amplitude mentioned in ref. [44] but viewed here within our canonical approach. Any further investigation must take into account that the presence of anisotropy leads to a mixing of the fermion (Grassman-valued) sectors in Ψ. Consequently, the corresponding first-order differential equations become coupled and WheelerDeWitt-type equations ought to be employed to obtain consistent physical results. The search for sensible conserved currents must then be conveyed in this framework. However, the solutions found so far [11, 45, 46] are not of the adequate form.
In fact, the emergence of conserved currents (and positive-definite probability amplitudes) is closely related with the retrieval of classical properties from Bianchi class-A quantum cosmologies. Has the presence of supersymmetry produced any significative changes? Most of the solutions found in supersymmetric quantum cosmology include only the exponential of the Euclidean action [7, 8] - [29] , [45, 46] . In quantum cosmology, conserved probability currents require wave functions of the form Ψ W KB ∼ e iS . From there, predictions and the emergence of classical properties can in fact be studied [30, 31] . When Ψ is an exponential rather than an oscillatory function, I corresponds the action of an Euclidean rather than a Lorentz geometry. But a wave functional e
I
is not peaked around a set of Euclidean solutions. It fails to predict clssical correlations between bosonic coordinate and momenta. In contrast, a wave function e iS is peaked around a set of classical Lorentzian trajectories [30, 31] . The presence of massive (super)matter could be then of some relevance. Notice that there is no solution of the classical Lorentz field equations for an empty closed FRW universe. Without matter the dominant saddle-point contribution to the path-integral solution is a real Euclidean solution of the field equations [52] . This assertion holds for a variety of homogeneous models [52] . Moreover, a wave function that could bring about the classically allowed Mixmaster universe [34] was not found in ref. [45, 46] . Thus the framework of ref. [45, 46] may require additional elements in order to get oscillatory e iS solutions and hence a relation like eq. (1), only valid in a minisuperspace approximation.
Overall, the final message in this paper is the following. Conserved currents do not seem possible to obtain directly from the supersymmetry constraints equations. Only for very simple scenarios does this becomes possible. Otherwise, conserved currents (and consistent probability densities) may only be obtained upon the use of subsequent Wheeler-DeWitt-like equations, which are derived through the associated supersymmetric algebra of constraints. Hence, the results and arguments shown here provide another perspective in contrast with ref. [39, 40] - [44] .
The fundamental difference is that our wave functionals Ψ take values in the Grassman algebra formed (by complex linear combinations of products) of odd (anti-commuting) elements such as the gravitino ψ A ,χ A ′ ) embodies more than a wave function arranged as a vector and satisfying a Dirac-like equation. In fact, the fermionic (Grassman-valued) sectors in Ψ induce a set of first-order differential equations. However, these do not constitute just a set of equations and their Hermitian conjugates. They rather represent the action of the supersymmetry constraints on different fermionic representations of Ψ, related by a (coordinatemomentum) fermionic Fourier transformation [6] .
